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Psoriatic arthritis (PsA) is a chronic immune‐mediated inflammatory arthritis that is associated with psoriasis [1](#art40579-bib-0001){ref-type="ref"}. Multiple pathways and mediators contribute to the pathogenesis of PsA, including tumor necrosis factor (TNF) [2](#art40579-bib-0002){ref-type="ref"}, [3](#art40579-bib-0003){ref-type="ref"}, [4](#art40579-bib-0004){ref-type="ref"} and interleukin‐17A (IL‐17A) [1](#art40579-bib-0001){ref-type="ref"}, [5](#art40579-bib-0005){ref-type="ref"}, [6](#art40579-bib-0006){ref-type="ref"}, [7](#art40579-bib-0007){ref-type="ref"}, [8](#art40579-bib-0008){ref-type="ref"}. Levels of TNF and IL‐17A--producing CD8+ T cells are elevated in the synovial fluid of patients with PsA [4](#art40579-bib-0004){ref-type="ref"}, [9](#art40579-bib-0009){ref-type="ref"}. Inhibition of either TNF or IL‐17A alone has demonstrated efficacy in improving joint inflammation, features of skin disease, and quality of life in patients with PsA [10](#art40579-bib-0010){ref-type="ref"}, [11](#art40579-bib-0011){ref-type="ref"}, [12](#art40579-bib-0012){ref-type="ref"}, [13](#art40579-bib-0013){ref-type="ref"}, [14](#art40579-bib-0014){ref-type="ref"}, [15](#art40579-bib-0015){ref-type="ref"}, [16](#art40579-bib-0016){ref-type="ref"}, suggesting that TNF and IL‐17A may both contribute to the pathophysiology of PsA. An unanswered question has been whether, assuming that the contributions of TNF and IL‐17A are at least partly independent of one another, dual neutralization of TNF and IL‐17A may provide the opportunity to achieve better control of inflammation in patients with PsA compared to neutralization of either target alone. This hypothesis was supported by observations in patients with rheumatoid arthritis (RA), in whom inhibition of TNF alone significantly raised the levels of IL‐17 and Th17 cells [17](#art40579-bib-0017){ref-type="ref"}, [18](#art40579-bib-0018){ref-type="ref"}, and both cytokines appeared to have separate influences in an ex vivo model [19](#art40579-bib-0019){ref-type="ref"}.

The treatment of PsA with a combination of 2 conventional disease‐modifying antirheumatic drugs (DMARDs) [20](#art40579-bib-0020){ref-type="ref"}, [21](#art40579-bib-0021){ref-type="ref"} or a DMARD plus a TNF inhibitor has been reported [10](#art40579-bib-0010){ref-type="ref"}, [11](#art40579-bib-0011){ref-type="ref"}, [15](#art40579-bib-0015){ref-type="ref"}, [22](#art40579-bib-0022){ref-type="ref"}. However, clinical trials simultaneously inhibiting 2 cytokines, TNF and IL‐17A, with biologics have not been reported in patients with PsA. In RA patients, combination therapy involving TNF inhibitors combined with biologic agents that engage other targets, including IL‐1 [23](#art40579-bib-0023){ref-type="ref"}, T cells [24](#art40579-bib-0024){ref-type="ref"}, [25](#art40579-bib-0025){ref-type="ref"}, and B cells [26](#art40579-bib-0026){ref-type="ref"}, was associated with an increase in serious adverse events (AEs), including serious infections, and little or no efficacy benefit compared to treatment with a TNF inhibitor alone [23](#art40579-bib-0023){ref-type="ref"}, [24](#art40579-bib-0024){ref-type="ref"}, [25](#art40579-bib-0025){ref-type="ref"}, [26](#art40579-bib-0026){ref-type="ref"}.

ABT‐122 is a dual variable domain immunoglobulin (DVD‐Ig) that was engineered to target both human TNF and IL‐17A and is built on an adalimumab backbone with added IL‐17A binding domains [27](#art40579-bib-0027){ref-type="ref"}. ABT‐122 binds TNF and IL‐17A in a fixed ratio of 1:1 [28](#art40579-bib-0028){ref-type="ref"}, with high affinity (K~D~ of 11 p*M* and 45 p*M* for human TNF and human IL‐17A, respectively) and has in vitro functional activity in the low p*M* range [27](#art40579-bib-0027){ref-type="ref"}, consistent with that of anti‐TNF antibodies alone and anti--IL‐17A antibodies alone [29](#art40579-bib-0029){ref-type="ref"}, [30](#art40579-bib-0030){ref-type="ref"}. In phase I studies in patients with RA, ABT‐122 has been shown to have dose‐proportional pharmacokinetics, with an effective half‐life of 10--18 days following dosing every week or every other week [31](#art40579-bib-0031){ref-type="ref"}. In these studies, no clinically significant safety findings were observed with ABT‐122 through 8 weeks of dosing in patients with RA [32](#art40579-bib-0032){ref-type="ref"}. Minor infections, common in phase I studies, were reported, with nasopharyngitis being the most frequent. There were no serious infections or systemic hypersensitivity reactions. In addition, ABT‐122 at clinically relevant doses suppressed the production of high‐sensitivity C‐reactive protein (hsCRP) and chemokines contributing to inflammation [32](#art40579-bib-0032){ref-type="ref"}. Furthermore, in a phase II study in patients with RA, ABT‐122 at 120 mg every week had a safety profile and efficacy similar to that of adalimumab over 12 weeks [33](#art40579-bib-0033){ref-type="ref"} and similar safety during an additional 24‐week extension [34](#art40579-bib-0034){ref-type="ref"}.

The objective of this phase II trial was to assess the safety and efficacy of ABT‐122 in dosages of up to 240 mg every week over 12 weeks of therapy in patients who had active PsA despite receiving stable treatment with methotrexate.

Patients and Methods {#art40579-sec-0006}
====================

This study was conducted in accordance with the Guidelines for Good Clinical Practice from the International Conference on Harmonisation and adhered to the principles of the Declaration of Helsinki. A local independent ethics committee or institutional review board or a central institutional review board (Schulman IRB, Cincinnati, OH) approved the protocol. All patients provided written informed consent.

**Patients.** Eligible patients (ages ≥18 years) had to have active PsA, defined as a diagnosis fulfilling the criteria of the Classification of Psoriatic Arthritis Study Group [35](#art40579-bib-0035){ref-type="ref"} for ≥3 months, as well as the presence of ≥3 tender joints and ≥3 swollen joints at screening, and at least 1 psoriatic plaque of ≥2 cm in diameter. Patients also had to have been receiving a stable dosage of methotrexate at ≥10 mg/week for ≥4 weeks. Key exclusion criteria included the following: prior exposure to adalimumab or another TNF inhibitor if the TNF inhibitor was discontinued for lack of efficacy or safety reasons or the drug had not been washed out for ≥5 half‐lives; prior exposure to other non‐TNF inhibitors or IL‐17 inhibitor biologic DMARDs, unless washed out for ≥5 half‐lives; current treatment with conventional synthetic DMARDs other than methotrexate, sulfasalazine, and hydroxychloroquine; having received orally administered prednisone or its equivalent at ≥10 mg/day within 30 days of the baseline visit; current pregnancy or breastfeeding; and presence of active tuberculosis, chronic recurring infections, or active viral infections if the investigator assessed that the patient would be an unsuitable candidate for the study.

**Study design** ***.*** The study was designed as a phase II 12‐week, double‐blind, placebo‐controlled, parallel‐group study conducted at 54 sites in Australia, Bulgaria, the Czech Republic, Germany, Hungary, Latvia, New Zealand, Poland, Romania, Spain, and the United States. Following a screening period, patients receiving background methotrexate were randomized 3:3:3:1 to receive ABT‐122 120 mg every week, ABT‐122 240 mg every week, adalimumab (Humira; AbbVie) 40 mg every other week, or matching placebo subcutaneously for 12 weeks. Randomized treatments were assigned at each site via an interactive voice response or web response system, based on a randomization schedule that had been previously generated by the statistics group of the study sponsor.

ABT‐122 and its placebo were prepared from lyophilized powder by a pharmacist at each site who was unblinded with regard to the treatment; prefilled syringes of adalimumab and its placebo arrived ready for use. The patients and all other study site personnel remained blinded with regard to treatment assignments throughout the study. Because the syringes containing ABT‐122 and adalimumab were different in appearance, blinding required that all patients receive injections of ABT‐122 or its matching placebo at every weekly site visit, and adalimumab or its matching placebo at every other weekly site visit.

**End point assessments.** The primary efficacy end point was a ≥20% improvement in disease activity based on the American College of Rheumatology improvement response criteria (ACR20) [36](#art40579-bib-0036){ref-type="ref"} compared to placebo at week 12. A secondary end point was to compare the ACR20 response rates between ABT‐122 and adalimumab at week 12, although the study was not powered for these comparisons. Additional efficacy end points included ACR20 response rates as well as ≥50% improvement (ACR50) and ≥70% improvement (ACR70) response rates at each postbaseline assessment (weeks 2, 4, 8, and 12); disease control, defined for this study as a score of \<3.2 or \<2.6 on the Disease Activity Score in 28 joints using hsCRP level (DAS28‐hsCRP) [37](#art40579-bib-0037){ref-type="ref"} at week 12; mean decrease from baseline in the DAS28‐hsCRP of at least 1.2 at week 12; mean changes from baseline in the DAS28‐hsCRP at each postbaseline assessment; improvement in the Psoriasis Area and Severity Index (PASI) skin scores by ≥50% (PASI50), ≥75% (PASI75), and ≥90% (PASI90) (38) at week 12 in patients who had ≥3% of their body surface area affected by psoriasis at baseline; responses on the Stanford Health Assessment Questionnaire modified for the spondyloarthritides (HAQ‐S) [39](#art40579-bib-0039){ref-type="ref"}, defined empirically in this study as an improvement (decrease) from baseline of at least 0.5 points; mean changes in the HAQ‐S score at each postbaseline assessment; mean changes from baseline in the Spondyloarthritis Research Consortium of Canada (SPARCC) Enthesitis Index [40](#art40579-bib-0040){ref-type="ref"} at weeks 4, 8, and 12; and scores of 0 or 1 (full scale 0--6) on the physician\'s global assessment of psoriasis at week 12.

**Safety assessments.** Safety was assessed throughout the study period by monitoring the incidence of AEs, vital signs, physical examination findings, and laboratory abnormalities. The severity of the AEs and laboratory abnormalities was judged by the study investigators using the Rheumatology Common Toxicity Criteria, version 2.0 [41](#art40579-bib-0041){ref-type="ref"}. Recorded AEs were coded using the Medical Dictionary for Regulatory Activities, version 18.1. Only treatment‐emergent AEs (i.e., those that occurred from the first dose of study drug until 70 days after the last dose) were analyzed.

**Statistical analysis.** Patients were analyzed based on the intent‐to‐treat principle. The full analysis set, which included all randomized patients who received at least 1 dose of study drug, was used for baseline and efficacy analyses. Baseline characteristics were calculated with summary statistics. For the primary efficacy end point (ACR20 response rates at week 12), it was estimated that a sample size of 66 patients in each ABT‐122 treatment arm and 22 patients in the placebo arm would result in \>90% power to detect a 50% difference in response for ABT‐122 compared to placebo, assuming an ACR20 response rate of 20% with placebo and a 1‐sided alpha level of 0.025. The sample size was not designed to detect statistically significant differences between either of the ABT‐122 groups and the adalimumab group. Missing values were imputed as being a nonresponse, unless otherwise noted. The superiority of ABT‐122 at weeks 2, 4, 8, and 12 compared to placebo or adalimumab was calculated using Fisher\'s 1‐sided exact test (for categorical variables) or 2‐sided analysis of covariance models, with treatment as the fixed factor and the baseline value of the assessment as the covariate (for continuous variables). No statistical tests compared adalimumab to placebo. Safety was analyzed with summary statistics in all patients who received the study drug.

Results {#art40579-sec-0007}
=======

**Characteristics of the study patients.** A total of 240 patients were enrolled, randomized to a treatment group, and analyzed for treatment efficacy and safety from May 12, 2015 to April 28, 2016 (Figure [1](#art40579-fig-0001){ref-type="fig"}). Approximately 50% of the patients were women; the mean age ranged from 47 years to 51 years, and the mean duration of PsA ranged from 6 years to 8 years (Table [1](#art40579-tbl-0001){ref-type="table"}). Among the eligible patients, 46--67% had ≥3% of their body surface area affected by psoriasis, with a mean PASI score ranging from 9 to 15 across treatment groups at baseline. Four patients (1.7%) who withdrew consent discontinued from the study before its completion (1 patient in the adalimumab group, 2 in the ABT‐122 120 mg every week group, and 1 in the ABT‐122 240 mg every week group) (Figure [1](#art40579-fig-0001){ref-type="fig"}).

![Disposition of the study patients. EW = every week; EOW = every other week.](ART-70-1778-g001){#art40579-fig-0001}

###### 

Demographic and baseline disease characteristics of the study patients[a](#art40579-note-0005){ref-type="fn"}

  Characteristic                                  Placebo every week (n = 24)   Adalimumab 40 mg every other week (n = 72)   ABT‐122       
  ----------------------------------------------- ----------------------------- -------------------------------------------- ------------- -------------
  Women, no. (%)                                  12 (50.0)                     33 (45.8)                                    37 (52.1)     37 (50.7)
  White, no. (%)                                  24 (100)                      70 (97.2)                                    70 (98.6)     70 (95.9)
  Age, years                                      47.7 ± 13.7                   50.5 ± 12.0                                  51.0 ± 12.4   47.4 ± 13.8
  Weight, kg                                      76.9 ± 17.4                   86.7 ± 16.0                                  85.4 ± 16.8   83.1 ± 18.4
  BMI, kg/m^2^                                    26.8 ± 4.0                    29.4 ± 5.0                                   29.6 ± 5.3    28.3 ± 5.8
  Duration of PsA, years                          7.6 ± 7.2                     8.4 ± 9.2                                    5.9 ± 7.1     7.5 ± 8.2
  MTX dose, mg/week                               17.4 ± 5.2                    16.9 ± 4.4                                   15.3 ± 4.5    15.3 ± 4.7
  Any prior non‐MTX DMARD, no. (%)                6 (25.0)                      22 (30.6)                                    16 (22.5)     16 (21.9)
  TJC68                                           19.0 ± 14.7                   23.4 ± 17.0                                  21.7 ± 14.6   23.6 ± 14.3
  SJC66                                           13.4 ± 11.4                   14.0 ± 10.6                                  12.7 ± 10.4   14.8 ± 11.8
  DAS28‐hsCRP score                               4.6 ± 1.1                     5.1 ± 1.1                                    5.0 ± 1.2     4.8 ± 1.3
  HAQ‐S score (range 0--3)                        1.2 ± 0.6                     1.3 ± 0.6                                    1.3 ± 0.6     1.3 ± 0.6
  BSA ≥3%, no. (%)                                11 (45.8)                     33 (45.8)                                    43 (60.6)     49 (67.1)
  PASI (in patients with ≥3% BSA) (range 0--72)   8.8 ± 4.6                     11.9 ± 9.3                                   11.8 ± 9.5    14.9 ± 12.9
  Enthesitis, no. (%)                             14 (58.3)                     54 (75.0)                                    50 (70.4)     53 (72.6)
  SPARCC Enthesitis Index (range 0--16)           2.8 ± 4.1                     3.7 ± 3.9                                    3.6 ± 4.1     4.0 ± 4.1
  Dactylitis, no. (%)                             13 (54.2)                     42 (58.3)                                    40 (56.3)     46 (63.0)

Except where indicated otherwise, values are the mean ± SD. BMI = body mass index; PsA = psoriatic arthritis; MTX = methotrexate; DMARD = disease‐modifying antirheumatic drug; TJC68 = tender joint count based on 68 joints assessed; SJC66 = swollen joint count based on 66 joints assessed; DAS28‐hsCRP = Disease Activity Score in 28 joints using high‐sensitivity C‐reactive protein level; HAQ‐S = Stanford Health Assessment Questionnaire modified for the spondyloarthritides; BSA = body surface area affected by psoriasis; PASI = Psoriasis Area and Severity Index; SPARCC = Spondyloarthritis Research Consortium of Canada.
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**Efficacy.** The ACR20 response rates at week 12 (primary end point) for the ABT‐122 120 mg every week and ABT‐122 240 mg every week dose groups (64.8% and 75.3%, respectively) were statistically superior (*P* \< 0.001) to that in the placebo group (25.0%) and comparable to that in the adalimumab group (secondary end point; 68.1%) (Figure [2](#art40579-fig-0002){ref-type="fig"}A). ACR20 response rates at other time points were also statistically significantly greater with ABT‐122 120 mg every week and ABT‐122 240 mg every week compared to placebo: at week 2, 39.4% (*P* = 0.003) and 42.5% (*P* = 0.001) versus 8.3%; at week 4, 49.3% (*P* = 0.004) and 67.1% (*P* \< 0.001) versus 16.7%; and at week 8, 62.0% (*P* \< 0.001) and 72.6% (*P* \< 0.001) versus 16.7%.

![End point analyses in patients with psoriatic arthritis in the different treatment groups. **A--C,** Proportion of patients achieving ≥20% improvement in disease activity according to the American College of Rheumatology response criteria (ACR20) **(A)**, as well as 50% (ACR50) **(B)** and 70% (ACR70) **(C)** improvement response rates, over the 12‐week treatment course (with nonresponder imputation). **D,** Least squares mean change in the Disease Activity Score in 28 joints using high‐sensitivity C‐reactive protein level (DAS28‐hsCRP) (with last observation carried forward imputation). **E,** Mean change in scores on the Stanford Health Assessment Questionnaire modified for the spondyloarthritides (HAQ‐S) (with last observation carried forward imputation). No statistical testing was done for the mean change in HAQ‐S scores; it was only done for the responder definition of a score increase of ≥0.5. \* = *P* \< 0.05; \*\* = *P* \< 0.01; \*\*\* = *P* \< 0.001 for ABT‐122 versus placebo. † = *P* \< 0.05; &ddagger; = *P* \< 0.01; § = *P* ≤ 0.005 for ABT‐122 versus adalimumab. EOW = every other week; EW = every week.](ART-70-1778-g002){#art40579-fig-0002}

Furthermore, at early time points, ACR20 response rates in the ABT‐122 120 mg every week or ABT‐122 240 mg every week groups were statistically significantly superior to that following treatment with adalimumab. At week 2, the ACR20 response rates were 39.4% with ABT‐122 120 mg every week (*P* = 0.007) and 42.5% with ABT‐122 240 mg every week (*P* \< 0.003) compared to 19.4% with adalimumab. At week 4, the ACR20 response rate was 67.1% with ABT‐122 240 mg every week compared to 44.4% with adalimumab (*P* = 0.005). However, at later time points (weeks 8 and 12), the ACR20 response rates were comparable between ABT‐122 and adalimumab treatment.

ACR50 responses in both ABT‐122 dose groups were statistically significantly superior to that in the placebo group at week 12: with ABT‐122 120 mg every week and 240 mg every week, 36.6% (*P* = 0.021) and 53.4% (*P* \< 0.001), respectively, compared to 12.5% in the placebo group. Moreover, the ACR50 response rate at week 12 was statistically significantly superior with ABT**‐**122 240 mg every week compared to adalimumab (37.5%; *P* = 0.039) (Figure [2](#art40579-fig-0002){ref-type="fig"}B).

In addition, at some earlier time points, ACR50 responses were statistically significantly greater with ABT‐122 compared to placebo: at week 2, with ABT‐122 120 mg every week and 240 mg every week, 16.9% (*P* = 0.023) and 15.1% (*P* = 0.036), respectively, compared to 0% with placebo; and at week 4, with ABT‐122 120 mg every week and 240 mg every week, 16.9% (*P* not significant) and 30.1% (*P* = 0.025), respectively, compared to 8.3% with placebo. ACR50 responses at some earlier time points were also statistically significantly greater with ABT‐122 compared to adalimumab: at week 2, with ABT‐122 120 mg every week and 240 mg every week, 16.9% (*P* = 0.004) and 15.1% (*P* = 0.009), respectively, compared to 2.8% with adalimumab; and at week 4, with ABT‐122 240 mg every week, 30.1% compared to 13.9% with adalimumab (*P* = 0.015).

ACR70 responses at week 12 were statistically significantly greater with ABT‐122 120 mg every week (22.5%) (*P* = 0.034) and ABT‐122 240 mg every week (31.5%) (*P* = 0.004) compared to placebo (4.2%) (Figure [2](#art40579-fig-0002){ref-type="fig"}C). The ACR70 response rate at week 12 was also significantly greater with ABT**‐**122 240 mg every week compared to that following treatment with adalimumab (31.5% versus 15.3%; *P* = 0.017). At earlier time points, the ACR70 response rate with ABT‐122 240 mg every week was significantly greater than with placebo at week 4 (17.8% versus 0%; *P* = 0.019) and at week 8 (21.9% versus 4.2%; *P* = 0.038).

The mean change from baseline in the DAS28‐hsCRP score was significantly greater in both the ABT‐122 120 mg every week and ABT‐122 240 mg every week dose groups than in the placebo group at week 2 (−1.07 and −1.08 versus −0.44; *P* \< 0.008 and *P* \< 0.006, respectively), week 4 (−1.44 and −1.57 versus −0.60; both *P* \< 0.001), week 8 (−1.87 and −1.88 versus −0.84; both *P* \< 0.001), and week 12 (−1.96 and −2.28 versus −0.89; both *P* \< 0.001) (Figure [2](#art40579-fig-0002){ref-type="fig"}D). At week 12, the mean change from baseline in the DAS28‐hsCRP score was statistically significantly greater with ABT‐122 240 mg every week (−2.28) compared to that with adalimumab (−1.83; *P* = 0.012).

Disease control responses based on the proportion of patients achieving DAS28‐hsCRP score thresholds of \<3.2 or \<2.6 were statistically superior or numerically higher, but not statistically significantly different, in all active treatment groups compared to the placebo group, but differences between each ABT‐122 dose group and the adalimumab group were not statistically significant (see Supplementary Figure [1](#art40579-sup-0001){ref-type="supplementary-material"}, available on the *Arthritis & Rheumatology* web site at <http://onlinelibrary.wiley.com/doi/10.1002/art.40579/abstract>). At week 12, the response rate based on a DAS28‐hsCRP score of \<3.2 was significantly greater in patients receiving ABT‐122 240 mg every week compared to those receiving placebo (68.5% versus 41.7%; *P* = 0.018). The response rates based on a DAS28‐hsCRP score of \<2.6 at week 12 were significantly greater with ABT‐122 120 mg every week (45.1%) and 240 mg every week (52.1%) compared to placebo (16.7%; *P* = 0.011 and *P* = 0.002, respectively).

All active treatment groups had clinically important greater mean changes from baseline in the HAQ‐S scores compared to the placebo group; statistical comparisons were not performed (Figure [2](#art40579-fig-0002){ref-type="fig"}E). At week 12, HAQ‐S responses based on a decrease in score of ≥0.5 were generally similar across the active therapy groups, and only the ABT‐122 240 mg every week group showed a statistically significantly greater HAQ‐S response rate compared to the placebo group (54.8% versus 25.0%; *P* = 0.01) (see Supplementary Figure [2](#art40579-sup-0001){ref-type="supplementary-material"}, available on the *Arthritis & Rheumatology* web site at <http://onlinelibrary.wiley.com/doi/10.1002/art.40579/abstract>).

The mean change from baseline in the SPARCC Enthesitis Index at week 12 was numerically similar across active therapies. Statistically significantly greater mean changes in the SPARCC Enthesitis Index scores at week 12 were seen with ABT‐122 120 mg every week (−2.8) and 240 mg every week (−2.5) compared to that with placebo (−1.2; *P* = 0.003 and *P* = 0.017, respectively) (see Supplementary Figure [3](#art40579-sup-0001){ref-type="supplementary-material"}, available on the *Arthritis & Rheumatology* web site at <http://onlinelibrary.wiley.com/doi/10.1002/art.40579/abstract>).

All active treatment groups had higher PASI75 and PASI90 responses compared to the placebo group at week 12 (Figure [3](#art40579-fig-0003){ref-type="fig"}). The PASI75 response at week 12 in those who received ABT‐122 120 mg every week was numerically higher than, but not statistically significantly different from, that in patients who received adalimumab (74.4% versus 57.6%). In the ABT‐122 240 mg every week group, the PASI75 response at week 12 was statistically significantly greater than the response with adalimumab (77.6% versus 57.6%; *P* = 0.047). PASI90 responses were similar among the treatment groups receiving either ABT‐122 or adalimumab. Furthermore, in all active treatment groups, the PASI90 responses were higher than, but not statistically significantly different from, those observed in the placebo group, possibly because the PASI analyses were limited to the smaller subgroup of patients who had an affected body surface area of ≥3% at baseline.

![Proportion of patients meeting the Psoriasis Area and Severity Index (PASI) response criteria for ≥75% (PASI75) and ≥90% (PASI90) improvement in skin scores (with nonresponder imputation) at 12 weeks among those with ≥3% of body surface area affected by psoriasis at baseline. \* = *P* \< 0.01 for ABT‐122 versus placebo; † *= P* \< 0.05 for ABT‐122 versus adalimumab. EW = every week; EOW = every other week.](ART-70-1778-g003){#art40579-fig-0003}

Joint and skin responses to treatment at week 12 mostly favored ABT‐122 over adalimumab, as depicted by the forest plots in Figure [4](#art40579-fig-0004){ref-type="fig"} (19 of 22 dose‐group comparisons). However, clinically important differences were few, and statistically significant separation was seen for only 1 comparison: the ACR70 response with ABT‐122 240 mg every week (i.e., the 95% confidence interval excluded zero).

![Treatment responses in the joints and skin at 12 weeks in the ABT‐122 120 mg every week or 240 mg every week groups as compared to the adalimumab group. **A,** Joint responses at 12 weeks were measured according to the American College of Rheumatology response criteria of ≥20% (ACR20), ≥50% (ACR50), and ≥70% (ACR70) improvement, score thresholds of \<3.2 and \<2.6, as well as change from baseline (CFB) ≤−1.2, for the Disease Activity Score in 28 joints using high‐sensitivity C‐reactive protein level (DAS28‐hsCRP), and CFB ≤−0.5 in the score on the Stanford Health Assessment Questionnaire modified for the spondyloarthritides (HAQ‐S). **B,** Skin responses at 12 weeks in patients with ≥3% body surface area affected by psoriasis at baseline were measured as a score of 0 or 1 on the physician\'s global assessment of psoriatic disease activity (PhGAPsO) (full scale 0--6) and as the proportion of patients achieving improvement in skin scores according to the Psoriasis Area and Severity Index response criteria of ≥50% (PASI50), ≥75% (PASI75), and ≥90% (PASI90) improvement. All analyses used last observation carried forward imputation. Bars show the difference in response with 95% confidence interval (95% CI). EW = every week.](ART-70-1778-g004){#art40579-fig-0004}

**Pharmacokinetics.** The average molar serum concentrations of ABT‐122 in the dosing interval at steady state with dosages of 120 mg every week and 240 mg every week were \~2‐fold and \~4‐fold higher, respectively, compared to the exposure with adalimumab at 40 mg every other week. The mean steady‐state serum concentrations (C~trough~) of ABT‐122 at week 12 were 11.6 μg/ml and 27.3 μg/ml in the 120 mg every week and 240 mg every week treatment groups, respectively. The proportion of subjects with C~trough~ concentrations below the limit of quantitation at the 12‐week time point was \~3% in both the ABT‐122 120 mg every week and ABT‐122 240 mg every week groups. Details of ABT‐122 pharmacokinetic results are reported elsewhere [42](#art40579-bib-0042){ref-type="ref"}.

**Safety.** The frequency of treatment‐emergent AEs was similar across groups, and none led to discontinuation (Table [2](#art40579-tbl-0002){ref-type="table"}). There were 2 reports of serious AEs: 1 in a patient receiving placebo (motor vehicle collision), and 1 receiving ABT‐122 240 mg every week (sick sinus syndrome, with fainting; coded as heart rate decreased, with syncope). The incidence of infections was generally similar across the active treatment groups (range 19.7--27.8%) and placebo group (20.8%); no serious infections were reported in any treatment group. A nonserious event, oral candidiasis, was reported in 2 patients in the ABT‐122 groups. No systemic hypersensitivity or severe injection site reactions occurred with ABT‐122, adalimumab, or placebo. At week 12, the mean decrease from baseline in the neutrophil count was \~20% in both ABT‐122 dose groups (range −20.5% to −20.9%) and in the adalimumab group (−18.6%); however, there were no reports of a neutrophil count decrease with a severity of grade 3 or above in the ABT‐122 groups. The decreased neutrophil count was not found to be associated with infection events. Abnormal values for other laboratory parameters were indicative of generally mild or moderately severe changes and were not clinically meaningful.

###### 

Summary of safety data[a](#art40579-note-0006){ref-type="fn"}

  Event                                                Placebo every week (n = 24)   Adalimumab 40 mg every other week (n = 72)   ABT‐122                                          
  ---------------------------------------------------- ----------------------------- -------------------------------------------- ------------------------------------------------ ------------------------------------------------
  Any TEAE                                             11 (45.8)                     38 (52.8)                                    33 (46.5)                                        31 (42.5)
  Serious AE                                           1 (4.2)                       0                                            0                                                1 (1.4)[b](#art40579-note-0007){ref-type="fn"}
  Severe AE                                            0                             1 (1.4)                                      0                                                1 (1.4)[b](#art40579-note-0007){ref-type="fn"}
  Infection                                            5 (20.8)                      20 (27.8)                                    14 (19.7)                                        15 (20.5)
  Candidiasis                                          0                             0                                            1 (1.4)[c](#art40579-note-0008){ref-type="fn"}   1 (1.4)[c](#art40579-note-0008){ref-type="fn"}
  Nasopharyngitis                                      0                             6 (8.3)                                      4 (5.6)                                          3 (4.1)
  Upper respiratory tract infection                    2 (8.3)                       5 (6.9)                                      1 (1.4)                                          7 (9.6)
  Urinary tract infection                              0                             1 (1.4)                                      2 (2.8)                                          4 (5.5)
  Leukopenia[d](#art40579-note-0009){ref-type="fn"}    0                             2 (2.8)                                      1 (1.4)                                          1 (1.4)
  Neutropenia[d](#art40579-note-0009){ref-type="fn"}   0                             2 (2.8)                                      2 (2.8)                                          1 (1.4)
  Neutrophil count grade                                                                                                                                                           
  Grade 1 (1.5--1.9 × 10^9^/liter)                     2 (8.3)                       11 (15.3)                                    6 (8.5)                                          14 (19.2)
  Grade 2 (1.0--1.4 × 10^9^/liter)                     0                             2 (2.8)                                      5 (7.0)                                          5 (6.8)
  Grade 3 (0.5--0.9 × 10^9^/liter)                     1 (4.2)                       2 (2.8)                                      0                                                0

Values are the number (%) of patients. There were no treatment‐emergent adverse events (TEAEs) leading to discontinuation, deaths, malignancies, systemic hypersensitivity reactions, severe injection site reactions, serious infections, or grade 4 neutrophil count abnormalities (\<0.5 × 10^9^/liter).

Non--drug‐related decreased heart rate/syncope was reported in 1 patient.

Oral candidiasis.

Reported for laboratory values of special interest.

John Wiley & Sons, Ltd

Discussion {#art40579-sec-0008}
==========

ABT‐122 is the first DVD‐Ig for which results have been reported in patients with PsA. The results show that over 12 weeks, the efficacy of ABT‐122 was superior to placebo, and with ABT‐122 at 240 mg every week, the PASI75, ACR50, and ACR70 response rates were superior to those with adalimumab. However, other outcomes were generally similar between the ABT‐122 and adalimumab groups, including the study\'s primary end point, the ACR20 response, and the PASI90 response. ABT‐122 had an acceptable safety profile over 12 weeks of therapy in patients with PsA who were receiving background methotrexate, with similar incidences of treatment‐emergent AEs across different treatment groups and an infection risk similar to that with placebo and adalimumab, despite the fact that dual inhibition of TNF and IL‐17A provided molar exposures that were equivalent to or higher than those with adalimumab.

Although higher‐dose ABT‐122 did show superiority to adalimumab in terms of the PASI75 skin score response, and also showed higher‐threshold ACR disease activity improvement responses, there was little convincing benefit of either ABT‐122 dose over adalimumab at 40 mg every other week in terms of the effects on multiple other end points, including the PASI90 response. Thus, the relative contribution of anti‐TNF antibodies compared to anti--IL‐17A antibodies to the efficacy observed with ABT‐122 in this study remains unknown.

Our observations from exposure response models with ABT‐122, in which multiple end points, including ACR and PASI response scores, were examined, suggest that the additional benefits with ABT‐122 at higher doses could be related to higher exposures of TNF inhibition. These exposure response models, the results of which will be published separately, did not suggest that the IL‐17A inhibitory action of ABT‐122 contributed to the dose‐related additional efficacy observed with the dosage of 240 mg every week. The exposures of TNF inhibition with ABT‐122 dosages of 120 mg every week and 240 mg every week were 2 times and 4 times higher, respectively, than that with adalimumab at 40 mg every other week. ABT‐122 serum exposure at a dose of 120 mg every week was comparable to or lower than that reported in the labels for the anti--IL‐17A monoclonal antibodies ixekizumab (80 mg every week) or secukinumab (150 mg every 4 weeks or 300 mg every 4 weeks). At a dosage of 240 mg every week, ABT‐122 serum exposure was 2‐fold higher than that of ixekizumab at 80 mg every week, equal to that of secukinumab at 150 mg every 4 weeks, and approximately one‐half that of secukinumab 300 mg every 4 weeks [43](#art40579-bib-0043){ref-type="ref"}, [44](#art40579-bib-0044){ref-type="ref"}.

The affinity and potency of ABT‐122 with regard to its interactions with TNF and IL‐17A were comparable to those of antibodies directed solely against TNF and antibodies directed solely against IL‐17A [27](#art40579-bib-0027){ref-type="ref"}, [29](#art40579-bib-0029){ref-type="ref"}, [30](#art40579-bib-0030){ref-type="ref"}. The PASI90 skin responses in particular suggest that ABT‐122 is functioning largely through its effects on anti‐TNF activity, since the greater efficacy expected with the addition of IL‐17A inhibition [13](#art40579-bib-0013){ref-type="ref"}, [14](#art40579-bib-0014){ref-type="ref"} was not seen.

Data from RA patients treated in phase I research trials have shown that ABT‐122 rapidly and persistently modulates potential pathophysiologic pathways involved in RA, including reducing the serum levels of chemokines involved in inflammatory cell recruitment into inflamed tissues [32](#art40579-bib-0032){ref-type="ref"}, suggesting that dual inhibition of TNF and IL‐17A provides functional blockade of both of these cytokines. In addition, a genomic and epigenetic analysis of phase II data in patients with RA showed changes in the expression of genes associated with IL‐17A signaling after 4 weeks of treatment, indicating that IL‐17A is inhibited by ABT‐122 [45](#art40579-bib-0045){ref-type="ref"}. These data sets suggest that both the anti‐TNF component and the anti--IL‐17A component of the molecule are active.

In addition, in the RA patient trials, changes in the serum levels of associated proteins were observed at 4 and 12 weeks. The measurement of free serum IL‐17A showed a decline in serum levels in patients with RA treated with ABT‐122, which was not seen in those receiving adalimumab treatment alone (data on file) [45](#art40579-bib-0045){ref-type="ref"}. However, analyses of the correlation between changes in gene expression and DNA methylation at week 4 and DAS28‐hsCRP responses at week 12 indicated that the response to ABT‐122 in patients with RA was primarily driven by TNF inhibition, with little added contribution from inhibition of IL‐17A [45](#art40579-bib-0045){ref-type="ref"}.

In light of data from other recent clinical trials, inhibition of IL‐17A does appear to have greater efficacy in terms of its impact on end points in patients with psoriasis [46](#art40579-bib-0046){ref-type="ref"}, [47](#art40579-bib-0047){ref-type="ref"} and on PsA skin and joint disease end points [12](#art40579-bib-0012){ref-type="ref"}, [13](#art40579-bib-0013){ref-type="ref"}, as compared to its impact on joint disease end points in patients with RA [48](#art40579-bib-0048){ref-type="ref"}, [49](#art40579-bib-0049){ref-type="ref"}. These findings support immunohistologic observations of the importance of Th17 cells and IL‐17A in the pathogenesis of psoriasis [50](#art40579-bib-0050){ref-type="ref"}, [51](#art40579-bib-0051){ref-type="ref"}, [52](#art40579-bib-0052){ref-type="ref"}.

Despite the demonstrated activity of both the anti‐TNF component and the anti--IL‐17A component of ABT‐122, the similar efficacy of ABT‐122 and adalimumab seen in the present study suggests that the effects of ABT‐122 were primarily the result of inhibition of TNF. The anti--IL‐17A property of ABT‐122 may have contributed little additive benefit to the observed treatment effects.

A strength of this study was the ability to directly compare the efficacy of ABT‐122 to that of adalimumab. In addition, it was the first direct study of dual cytokine inhibition in patients with PsA, in whom no evidence of serious AEs or serious infections was observed.

Limitations of this study included its short duration of 12 weeks. Although 12 weeks has been an adequate length of time to assess the efficacy of other biologic agents in terms of improvements in both the skin and the joints [10](#art40579-bib-0010){ref-type="ref"}, [11](#art40579-bib-0011){ref-type="ref"}, [12](#art40579-bib-0012){ref-type="ref"}, [13](#art40579-bib-0013){ref-type="ref"}, [14](#art40579-bib-0014){ref-type="ref"}, it remains a limitation in terms of reaching conclusions with regard to safety. Another limitation is that although an active comparator arm targeting TNF inhibition alone (adalimumab) was included for comparison to ABT‐122, the study had no active comparator with an agent that targeted IL‐17A inhibition alone.

In conclusion, the similarity of the incidence rates of AEs between ABT‐122 and adalimumab adds to a growing database suggesting that inhibition of 2 cytokines may not always be associated with higher incidence of AEs, although direct comparison with the AE profile of combined treatment with 2 single cytokine blockers in patients with PsA was not undertaken, and results could differ from those in the current study. Compared to adalimumab, and despite the dual neutralization of TNF and IL‐17A with a DVD‐Ig, there was not a clearly differentiated efficacy between ABT‐122 and adalimumab over 12 weeks. Due to this lack of adequate efficacy differentiation, further development of ABT‐122 for the treatment of PsA is not being pursued.
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